The HCA587 gene, identified by serological analysis of recombinant cDNA expression library (SEREX) from a hepatocellular carcinoma (HCC) patient, encodes a new member of cancer-testis antigens. HCA587 mRNA expression in normal tissues and cancers has been previously reported. To estimate its immunogenicity to induce immune response, it is essential to analyze HCA587 expression at the protein level. In this study anti-HCA587 polyclonal antibody, termed "TC-1," was generated, and the expression of HCA587 protein was assessed by immunohistochemical staining in a panel of normal and tumor tissue sections. No HCA587 protein was shown in normal tissues except germ cells in testis and Purkinji cells in cerebellum. In HCC specimens the HCA587 protein was expressed in 37.1% (26 of 70) samples. The expressed protein was either located in the cytoplasm or nucleus depending on the individual samples. More importantly, there appears to be correlation between the tumor differentiation of HCC and HCA587 protein expression, ie, the lower differentiation, the higher percentage of protein expression. Coincidentally, seroreactivity showed that the Ab specific to recombinant HCA587 protein was detected only in the sera of three patients with poorly differentiated HCCs. HCA587 antigen was also expressed in different proportions in melanoma, lymphoma, pancreatic cancer, and lung cancer. (Lab Invest 2003, 83:1185-1192.
T he recent advances of molecular technology for analyzing cellular and humoral immune response to cancer cells has led to the identification and characterization of a large number of human tumorassociated antigens recognized by CD8 ϩ T cells and antibodies Ito et al, 2001; Shichijo et al, 1998) . Most of these identified antigens belong to one of the following categories according to expression patterns or structural features: a) cancertestis (CT) antigens, such as the members of the MAGE gene family, SSX2, SCP1, and NY-ESO-1 (Old LJ, 2001 ); b) mutated antigens, eg, p53 (Theobald et al, 1995) and CDK4 (Rosenberg, 1997) ; c) overexpressed antigens, eg, HER-2/neu (Offringa et al, 2000) and PRAME (Ikeda et al, 1997) ; d) differentiation antigens, such as Melan-A/MART1, tyrosinase, and gp100 in melanocytes (Palermo et al, 2001) ; and e) virus antigens, such as hepatitis B and C viruses, in hepatocellular carcinoma (HCC) (Zondervan et al, 2000) , and human papilloma virus in cervical cancer (Sellors et al, 2003) . Because of their characteristic expression patterns in cancer and testis, not in other normal tissues, CT antigens are of major interest as targets for immunotherapy and may also serve as tools for diagnostic purposes.
HCC is one of the most prevalent malignancies, with an increasing incidence worldwide, especially in East Asian countries (Okuda, 2000) . In view of the poor prognosis for HCC patients with surgery and chemotherapies, an alternative of immuno-and genetherapeutic strategies has been pursued in patients to improve the treatment (Hanke et al, 2002; Reinisch et al, 2002) . A prerequisite for the success of biotherapeutic strategies is the identification of the genes or antigens that are exclusively or preferentially expressed in malignant tissues. With the application of serological analysis of recombinant cDNA libraries (SEREX), several tumor-associated antigens have been identified in HCC by other groups (StennerLiewen et al, 2000; Wang et al, 2002) and our group. We have identified two novel CT antigens in HCC, one of which is HCA587. Investigating the immunogenicity of HCA587 will help us to understand if it is a potential target for immunotherapy and diagnosis in cancer patients.
By RT-PCR, we have demonstrated that HCA587 mRNA is highly expressed in HCC (Wang et al, 2002) . However, we don't know the extent of HCA587 protein expression in HCC cells, and it is an essential condi-tion for the antigen to elicit immune response. In this study we have evaluated HCA587 protein expression in normal and malignant tissues by immunohistochemical (IHC) analysis using TC-1 polyclonal antibody (pAb) specific to the recombinant HCA587 protein. In addition a comparison was made between HCA587 mRNA expression and HCA587 protein expression in HCC specimens. The correlation between the percentage of HCA587 protein expression in HCC and the tumor differentiation of HCC was also estimated.
Results

Production of Recombinant HCA587 Protein
HCA587 entire open reading frame was subcloned into expression vector pQE30. Upon IPTG treatment the HCA587 protein, with a poly-histidine tail at NH 2 terminus, was abundantly produced in Escherichia coli strain M15 (pREP4). Following purification on nickel columns, the purified HCA587 protein was reactive with anti-His mAbs (Qiagen, Chatsworth, California) in Western blot analysis, and the purity was Ͼ 90% by SDS-PAGE and gel scan.
Generation of Anti-HCA587 pAb TC-1
In ELISA assays the TC-1 reacted with the recombinant HCA587 protein at a titer of 1:10,000. To assess the reactivity of TC-1 to the native protein expressed in tumor cells, lysates from several tumor cell lines, which express HCA587 mRNA, were analyzed by immunoblotting assays. Results showed that HCA587 protein was identified to be expressed in two melanoma cell lines (Mel-ed1 and Mel-kc) of HCA587 mRNA ϩ , and there was no detectable HCA587 protein in two cell lines (HepG2 and 7721) of HCA587 mRNA Ϫ or it was weakly expressed (Fig. 1) . The TC-1 was hence able to detect naturally expressed HCA587 protein and was used in IHC analysis at a concentration of 0.5 g/ml.
IHC Analysis
HCA587 Protein Expression in Normal
Tissues. Table 1 depicts the results of IHC staining of normal tissue with TC-1. Figure 2 , A and B, shows the staining cell types in testis. The testicular immunoreactivity was confined to the germ cells in the seminiferous tubules, and no immunoreactivity was present in the interstitial tissue and intertubular tissue components ( Fig. 2A) . The staining pattern of testis showed that the HCA587 protein was expressed in the nucleus as well as in the cytoplasm. Spermatogonia and primary spermatocytes showed strong intense staining. However, at the later stages of maturation, the staining intensity of spermatocytes became weak gradually, and matured spermatids were negative stained (Fig. 2B ). In the 18 normal tissue samples of different organs stained by IHC, besides testis, the Purkingji cells of the cerebellum were clearly stained ( Fig. 2C) but not in other normal tissue samples. The positive staining of both tissues could still be seen when EDTA or citrate buffer was used as an antigen retrieval solution.
HCA587 Protein Expression in HCC.
The expression of HCA587 protein in 70 HCC samples is summarized in Table 2 . The overall positive rate of HCA587 protein expression was 37.1% (26 of 70). Notably, the proportion of HCA587 protein expression was reversely correlated with the tumor differentiation of HCC. Higher frequency of HCA587 protein expression was seen in poorly differentiated HCC. The positive rate was 18.2% (4 of 22) in well-differentiated HCC, 32% (8 of 25) in moderately differentiated HCC, and 60.8% (14 of 23) in the poorly differentiated HCC. Among different HCC samples (Fig. 2, D to G) , only the cancer cells were observed to be positive by IHC staining with TC-1. The staining intensity varied from weak to strong, and the staining pattern showed a high heterogeneity from focal ( Fig. 2D ) to more than 50% of the cancer cells (Fig. 2E) . The location of the stained protein was from cytoplasm ( Immunodetection of HCA587 gene product in cell lines and recombinant HCA587 protein as a positive control (Lane 1). Lysates from melanoma cell lines Mel-ed1 (Lane2), Mel-kc (Lane 3), HepG2 (Lane 4), and 7721 (Lane 5) were assayed using sodium dodecylsulfate-polyacrylamide gel electrophoresis and were assayed in immunoblotting with TC-1, which recognizes protein exhibiting an apparent molecular weight of 43 kd.
Table 1. Immunohistochemical Staining of TC-1 in Normal Tissues
Histologic type TC-1
HCA587 Protein Expression in Other Tumor
Tissues. The expression of HCA587 protein in cancer panels other than HCC is shown in Table 3 . The HCA587 protein-positive cells were more frequently shown in metastatic melanoma samples (3 of 6) ( Fig. 2H) , and also observed in the minor proportion of lung cancer (non-small cell), mammary gland cancer, pancreatic cancer, and lymphoma. The HCA587 protein was expressed in seminoma, head and neck cancer, and ovarian cancer in the few samples examined. None of the TC-1 reactive cells was seen in liposarcoma, renal cell carcinomas, colorectal tumors, or hemangioma. Resembling those observed in HCC samples, IHC staining of these tumors revealed a generally heterogeneous expression pattern of HCA587 protein. Foci of strongly positive tumor cells were seen among large negative areas. The HCA587 protein expression was restricted to cancer cells in all histologic types of cancers examined; no immunoreactivity was found in the stromal components or in the surrounding normal tissues.
Comparison of HCA587 Expression by RT-PCR and IHC Staining
To confirm the specificity of HCA587 antibody TC-1, a comparison of HCA587 protein and HCA587 mRNA expression in HCC samples was done. The HCA587 mRNA expression was detected in 22 of 38 (55.3%) tumor specimens, in which mRNA integrity was confirmed by G3PDH. The expected PCR products of 1.2-kb HCA587 and 452-bp of G3PDH in HCC were equaled to the products in testis (Fig. 3) , and these products were further confirmed by DNA sequencing. In Table 2 , 20 HCC samples were available for both mRNA and protein analysis in parallel. Of these, all seven cases expressing HCA 587 protein displayed by TC-1 staining were mRNA positive by RT-PCR; three cases were protein negative by IHC but mRNA positive by RT-PCR, but all three cases exhibited low copies of mRNA in the analysis of semi-quantitation of PCR products. None of the HCA587 mRNA-negative samples expressed HCA587 protein, indicating the specificity of IHC staining in HCC with HCA587 pAb TC-1.
Seroreactivity Against HCA587 Protein in HCC Patients
Sera from 82 patients with HCC were assayed for HCA587 Ig G antibody by ELISA using recombinant HCA587 antibody. Sera were tested at a 4-fold dilution from 1:100 to 1:100,000. HCA587 antibodies were only found in 3 of 82 patients. The Ab titer in these patients' serum was 1:1600, 1:6400, and 1:6400, respectively. Of note, all three seroreactive patients bore poorly differentiated HCC, and thus the seroreactivity was 8.6% (3 of 35) in the poorly differentiated HCC patients. No antibodies were detected in the sera of five healthy volunteers (Fig. 4) .
Discussion
CT antigens are generally considered potential targets for immunotherapy in cancer patients due to their expression in a variety of human cancers but not in normal tissues, except testis (Boon and Old, 1997) . Many promising results have been obtained in tumor immunotherapy using peptides derived from CT antigens (Marchand et al, 1999; Thurner et al, 1999) . Because HCC is one of the most pernicious human cancers and the prognosis of HCC remains poor (Okuda, 2000) , identification of CT antigens from HCC is definitely needed to find more tumor-associated Analysis of HCA587 mRNA expression in HCC tissue specimens. HCA587 mRNA expression assessed by RT-PCR from the samples of well-differentiated HCC (Lanes 1 to 3), moderately differentiated HCC (Lanes 4 to 6), and poorly differentiated HCC (Lanes 7 to 9).
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antigens with good immunogenicity for effective immunotherapy. HCA587 is a CT antigen that was identified using SEREX from HCC cDNA expression library by our group (Wang et al, 2002) . The cDNA of HCA587 was cloned in 1999 (Genbank accession No. AF151378), with an identical sequence to MAGE-C2 (Lucas et al, 2000) and only two amino acids different than CT10 (Gure et al, 2000) . The gene of HCA587, located in Xq27, belonged to the MAGE-C subfamily, with a large terminal exon encoding the 373aa entire protein. Because the first member of human MAGE families was identified as a gene-encoding tumor-specific antigen (van der Bruggen et al, 1991), these MAGE family antigens are of particular interest for antitumor immunotherapy because of their specific expression on tumor cells (Thurner et al, 1999) . To assess HCA587 as a biomarker for diagnosis and immunotherapy, the actual HCA587 protein expression in cancer cells should be identified. For this aim we have produced pAb TC-1 specific to the recombinant HCA587 protein. The advantage of the pAb TC-1 is that it contains various types of Abs capable of binding different antigenic epitopes in the HCA587 protein. The specificity of TC-1 was proved by immunoblotting that it immunoprecipitated only with the recombinant HCA587 protein and the natural protein in lysates from HCA587 mRNA ϩ cells lines Mel-ed1 and Mel-kc, but not with the lysates from HepG2 and 7721 of HCA587 mRNA Ϫ or was weakly expressed. In the study of normal tissue staining with TC-1, testis showed strong immunoreactivity like that observed in the staining with anti-MAGE-1 antibodies (Takahashi et al, 1995) . The HCA587 protein-positive cells were especially restricted to the spermatogonia and the primary spermatocytes. There was no TC-1 staining in postmeiotic cells or in testicular somatic cells (Satie et al, 2002) . It is clear that the expression of HCA587 protein had decreased following the maturational process of spermatogenic cells and that protein expression had shut down in the sperm cells. This expression process also corresponded to the report using anti-MAGE-4 mAb (Itoh et al, 1996) . Surprisingly, HCA587 protein was expressed in Purkingji cells in cerebellum shown in TC-1 staining using different antigen retrieval solutions. No other staining of normal tissues was observed in IHC analysis with TC-1.
In the series of HCC, direct comparison of RT-PCR analysis for mRNA and IHC staining with TC-1 confirmed the specificity of antibody TC-1 to HCA587 because no mRNA Ϫ /IHC ϩ cases were observed. The higher rate of HCA587 mRNA expression than that of protein expression may be attributed to some low levels of HCA587 mRNA, which were unable to induce detectable protein by IHC. The IHC staining with TC-1 reported here showed that expression of HCA587 antigen correlated with the differentiation degree of the HCC, with the preferential expression in poorly differentiated HCC. Similar results were also shown in NY-ESO-1 expression in melanoma (Goydos et al, 2001 ) and MAGE-A4 tumor antigen expression in transitional cell carcinoma (Kocher et al, 2002) . A detailed reason is unclear. However, several studies have demonstrated that the expression of CT antigens appears to result from DNA demethylation (Desmet et al, 1999) , and DNA demethylation is known to be associated with the de-differentiation process, which is likely to include events observed in advance stages of cancer development (Bernardino et al, 1997) .
Among the available malignant tissues in our study, the highest HCA587 expression (50%) was observed in metastatic melanoma, in which many other CT antigens were also highly expressed (Hofbauer et al, 1997) . HCA587 was also expressed with a different ratio in the carcinomas of the lung, mammary gland, pancreas, head and neck, ovary, and seminoma. Our results of no TC-1 reactivity in colon, prostate, and renal cell carcinomas is consistent with a low frequency of CT antigens expression in these tumors reported by other researchers (Chen et al, 1997; Tureci et al, 1998) . In the IHC staining of tumor tissue sections, the obvious feature of the staining pattern is the heterogeneous expression of HCA587 protein in tumor cells ranging from clusters to a large mass of tumor cells. Such heterogeneous expression of CT antigens are similar to that of other CT antigens, such as NY-ESO-1 (Satie et al, 2002) , SSX (dos Santos et al, 2001 ), MAGE-1 (Zuber et al, 1997) , and MAGE-3 (Fischer et al, 1997) . Unlike the predominant expression of NY-ESO-1 antigen in the cytoplasm (SchultzThater et al, 2000) , HCA587 antigen expression was found in the cytoplasm or nucleus.
Serological analysis of HCA587 protein showed that 3 of 82 HCC patients developed antibody responses without vaccine immunization, suggesting that HCA587 was immunogenic as it indeed elicited Th2 and B cell immune responses; this low rate of serore- Seroreactivity of HCA587 protein in patients with poorly differentiated HCC. The serum Ab against HCA587 protein was measured by indirect ELISA using recombinant HCA587 protein as the antigen. The Ab titer was measured by the reaction of a series of 4-fold dilution of sera with the antigen. The Ab titration from the sera of three patients with poorly differentiated HCC (□), and from the sera of five healthy volunteers (⅙) are shown.
HCA587 Antigen Expression
Laboratory Investigation • August 2003 • Volume 83 • Number 8 activity was similar to some other members of the MAGE family. The MAGE-A1 antibody was seen on only 1 of 127 melanoma patients, and MAGE-A3 antibody was seen in 3 of 127 (Stockert et al, 1998) . In the IHC staining, 37.1% of HCC patients expressed HCA587 protein, indicating that most of the HCC patients didn't form an antibody or they developed cellular but not humoral immunity against HCA587 because HCA587 protein was expressed in the cytoplasm or nucleus of cancer cells. In the present study, all three serological positive patients exhibited poorly differentiated HCC, in which stage higher percentage of HCA587 protein expression was observed by IHC staining.
Taken together, a pAb TC-1 with a high titer was elevated in a rabbit after it had been immunized with a purified HCA587 recombinant protein. TC-1 is reactive to both the recombinant protein and naturally expressed HCA587 antigen in cancer cells. The expression of HCA587 protein is conversely proportional to the differentiation degree of HCC, and the overall HCA587 protein expression rate is around 37.1% in HCC samples, which constitutes about 70% of HCA587 mRNA ϩ HCC samples. Therefore, HCA 587 is thought to be a valuable target antigen for diagnosis and vaccination of HCC patients. However, its expression in Purkingji cells in the cerebellum shows that the possibility of the vaccination damaging such cells and causing severe adverse effects should be highly considered.
Materials and Methods
Preparation of HCA587 Recombinant Protein
PCR-amplified HCA587 cDNA was directly cloned into pGEM-T-easy (Promega, Madison, Wisconsin). Clones were analyzed by restriction mapping, DNA sequenced, and subcloned into expression vector pQE30 (Qiagen, Valencia, California) with six-histidine tag on the NH 2 terminus. Recombinant protein was induced by isopropyl ␤-D-thiogalactoside in E. coli and purified by Ni 2ϩ affinity chromatography according to the procedure recommended by the manufacturer.
Production of Anti-HCA587 Polyclonal Antibody
Rabbits were immunized four times subcutaneously at 3 weeks intervals, with 100 g purified HCA587 recombinant protein in adjuvants. Complete Freund's adjuvant was used for the first-time immunization; in the subsequent immunizations, incomplete Freund's adjuvant (Sigma, St. Louis, Missouri) was used. Lysates of E. coli were used to absorb nonspecific antibodies against the residual E. coli components in the rabbit antiserum. The titer of rabbit antiserum was tested by solid-phase ELISA on microtiter plates coated with the immunizing recombinant HCA587 protein as a target antigen. The pAb of anti-HCA587 was purified by a protein A column (Pierce, Rockford, Illinois) to Ig G and termed "TC-1." To identify the specificity of TC-1, immunoblotting was performed using recombinant HCA587 protein and the lysates of several cells lines HepG2, and 7721) , in which HCA587 mRNA expression had been assessed by RT-PCR.
Tissue Sections
Specimens consisting of formalin-fixed paraffinembedded tissue and optimal cutting temperature compound-mounted, snap-frozen tissue samples were collected from the Department of Pathology at the Peking University Health Science Center. Five-m sections were cut from frozen and paraffin blocks and applied to histology slides for IHC staining. A panel of normal tissues (Table 1 ) and a series of malignant tissues of different histologic origins (Tables 2 and 3) were examined. The HCC tissue samples were also analyzed by RT-PCR to determine the HCA587 mRNA expression. Sera from 82 HCC patients were examined for serum antibody specific to the HCA587 protein.
IHC Staining
Sections were deparaffinized and rehydrated with xylene and a series grade of alcohol. Epitope retrieval was carried out in a 10-mM citrate buffer (pH 6.0) for 15 minutes at 95°C in a microwave cooker, followed by cooling for 30 minutes at room temperature (RT). After inactivation of endogenous peroxidase with H 2 O 2 , sections were blocked with 10% normal goat serum for 30 minutes and then incubated with anti-HCA587 pAb TC-1 for 4°C overnight. After washing, diluted biotinylated antirabbit Ig G (Zymed laboratories, Inc., South San Francisco, California) was added and further incubated for 20 minutes at RT. The slides were washed, and the peroxidase-labeled avidin (Zymed laboratories Inc.) was added and incubated for 20 minutes at RT. Diaminobenzidine tetrahydrochloride was then added as a chromogen, followed by counterstaining with hematoxylin solution. Sections of normal human testis were used as a positive control. An unrelated rabbit Ig G at the same concentration was used as a negative control.
RT-PCR
To determine the specificity of antibody TC-1, HCA587 expression in HCC samples was compared by RT-PCR analysis and TC-1 IHC staining. RT-PCR was carried out as previously described (Wang et al, 2002) . Briefly, total RNA was extracted from frozen tissue samples of HCC. Testicular tissue was used as a positive control tissue. RNA was reverse transcribed with AMV reverse transcriptase and oligodT (18) (Clontech, Palo Alto, California) . The quality of the cDNA was confirmed by PCR for G3PDH. Gene-specific PCR primers used to amplify HCA587 were designed according to our published sequences (HCA587 forward primer: 5'ATCGGATCCCCTCCCGTTCCAG-GCGT 3', HCA587 reverse primer: 5'ACTAAGCTTTC-ACTCAGAAAAGGAGAC3'). RT-PCR was performed with the Advantage Taq (Clontech) for 35 cycles in a GeneAmp PCR system 9700 (Applied Biosystems, Foster, California) at an annealing temperature of 60°C. Products were analyzed on 1% agarose gels containing 0.01 mg/ml ethidium-bromide.
ELISA
Recombinant HCA587 protein at a concentration of 1 g/ml in coating buffer (15 mM Na 2 CO 3 30 mM NaHCO 3, pH 9.6) was absorbed to 96-well plates at 100 l/well overnight at 4°C. Plates were washed with 0.05% Tween-20/PBS and blocked for 1 hour at RT with 100 l/well of 2% BSA/PBS. After washing, 100 l/well of serum dilution in 2% BSA was added and incubated for 2 hours at RT. Plates were washed, and 100 l/well of the diluted (1:20,000) goat antihuman Ig G labeled with HRP secondary antibody (Promega, Madison, California) was added and incubated for 1 hour at RT. Plates were washed, and a substrate solution was added in each well, and then incubated for 10 minutes at RT. After adding 2 M H 2 SO 4 , the absorbance at 492 nm was measured using ELISA reader (Bio-Rad, Hercules, California). Sera were tested over a range of 4-fold dilution from 1:100 to 1:100,000.
Statistical Analysis
Statistical analysis was performed using 2 test to study the relationship between the differentiation degree of HCC and HCA587 protein expression. Values of p Ͻ 0.05 were considered statistically significant.
